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SURFICIAL GEOLOGY OF THE JUNEAU URBAN AREA AND VICINITY, ALASKA
WITH EMPHASIS ON EARTHQUAKE AND OTHER GEOLOGIC HAZARDS

By
Robert D. Miller

INTRODUCTION

This report results from a geologic study of surficial deposits in and
near the Juneau urban area. The investigation is part of an earthquake-
hazards study in Alaskan coastal communities by the U.S. Geological Sur-
vey. The principal objectives of the project are to investigate and
evaluate the potential geolog1c effects of earthquakes and other
catastrophic geologic events in the Juneau area.

The accompanying geologic map was compiled on parts of three U.S. Geo-
logical Survey quadrangles: Juneau A-2, Juneau B-2, and Juneau B-3.
Subsurface geology shown on the cross sections of certain areas of
Juneau and Douglas is interpreted from records of drilled test holes.
The topography used in constructing the cross sections was obtained
from topographic maps prepared by the engineering firm of Wyller, Van
Doren, and Hazard, at a scale of 1 inch = 400 feet, for the commmities
of Juneau and Douglas. The geologic character of each unit shown on the
map and cross sections is briefly described in the tables and more
extensively discussed in the text of the report.

In order to aid planners, engineers, developers, and others concerned
with land use, two transparent overlays are provided to be used in con-
junction with the geologic map. One overlay depicts areas known or be-
lieved to be susceptible to the effects of landslides. The other shows
an interpretation of the relative suitability of geologic deposits for
foundations, judged principally from the expected behavior of those de-
posits during a severe earthquake. These overlays represent the best
interpretations I can make of the probable ground response of the vari-
ous geologic deposits. The interpretations are based on laboratory
tests as well as on many field observations of such conditions as ground
stability, density, thickness, and saturation. I wish to emphasize that
these overlays are only general guidelines for future urban planning and
are not intended to take the place of detailed geologic investigations
of specific sites.

The map and tables accompanying this report show the distribution of the
geologic formations, some of their physical properties, uses, and prob-
able reactions to a severe earthquake. However, it is not the purpose

of this study to predict in detail how an earthquake would affect any

one place. The unpredictability of magnitude, acceleration, directionm,
period of seismic energy, and the distance of an earthquake epicenter
from Juneau makes an unqualified prediction of ground behavior impossible.
The interpretations shown in the accompanying table should be regarded



as indications of how certain geologic deposits will behave during an
earthquake. Many of the interpretations are based on the behavior of
similar deposits during earthquakes elsewhere, and others are based on
laboratory tests of the physical properties of certain deposits.

This report includes also a tabular text that briefly summarizes the
pertinent characteristics of each geologic formation. Both the text

and the tables describe first the geology of each formation and then in-
terpret the probable behavior of each formation under the influence of
a severe earthquake, or as a consequence of man's use of the formationm.

Juneau is in southeastern Alaska on the northeastern side of Gastineau
Channel, a fiord that separates Douglas Island from the mainland. Gas-
tineau Channel joins Stephens Passage to the southeast; it terminates
about 8 miles northwest from Juneau near the mouth of the Mendenhall
River valley where it merges with Fritz Cove. West Juneau is on Douglas
Island near the west end of the bridge from Juneau that crosses Gastineau
Channel. The town of Douglas is on Douglas Island about 2 miles south-
east from West Juneau.

The Juneau area, as used in this report, consists of that part of the
Greater Juneau Borough that adjoins Gastineau Channel, Fritz Cove, Auke
Bay, Lena Cove, and Tee Harbor, and includes the small islands in the
waterways. Geologic mapping was generally restricted to shore and valley
areas, and along mountainsides to altitudes less than 700 feet above sea
level.

The coast mountains on the mainland rise sharply from tidewater to an
altitude of more than 3,500 feet at Mount Juneau, less than 1 mile from
the city of Juneau. About 7 or 8 miles eastward from tidewater lies

the Juneau Ice Field, which covers much of the high part of the moun-
tains. Only one glacier, the Mendenhall Glacier, extends into the mapped
area; it lies at the head of the Mendenhall River valley, a valley about
4 miles long and from about 1 to 2 miles wide.

In addition to the Mendenhall River valley, the valleys of Salmon, Lemon,
and Fish Creeks either are or probably will be used for urban develop-
ment. Of these, the valleys of Salmon and Lemon Creeks already contain
homes or other structures. Fish Creek valley probably will be developed
after the proposed road to Cropley Lake and the planned ski development
are realities.

Low-lying shorelands provide most of the desirable homesite properties
in the mapped area because of the steepness of the mountains. Much of
the land along the mainland shore northward from Juneau to Tee Harbor
is developed as residential property. Urban development on the east
coast of Douglas Island has been slow and sporadic; consequently, there
are areas there that remain undeveloped. Lack of large water supplies
is one of the causes for the slow urban growth on Douglas Island.
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GLOSSARY

Technical terms that are used extensively in this report are defined
here for readers who may not be familiar with them.

Creep. The slow, generally imperceptible, downslope movement
of earth material.

Diamicton. A nonsorted or poorly sorted sediment that con-
sists of particles larger than sand in a matrix of sand,
silt, and clay-size particles. The term is noncommittal
as to how the deposit was formed.

Dip. The angle which a bed, layer, dike, fault, fissure,
or similar planar geologic feature forms with an imagi-
nary horizontal surface when measured at right angle to
to the strike.

Fault. A fracture or fracture zone along which there has
" been structural displacement of the two sides relative
to one another parallel to the fracture.

Foliation. Banding or lamination of crystalline rock that
resulted from segregation of minerals during metamorphism
or from lamellar flow.

Footing. Manmade supporting portions of a structure,
placed on the foundation.

Foundation. Natural or artificially emplaced earth mate-
rial on which manmade structures are placed.

Holocene. The most recent epoch in geologic time; it in-
cludes the present. Used interchangeably with the term
Recent. As used in this report the Holocene Epoch con-
sists of approximately the last 10,000 years of geologic
time.

Bypsithermal. The prolonged interval of mild climate in
the Holocene Epoch, which started about 8,000 years ago
and may have ended as late as 3,500 years ago in south-
eastern Alaska.

Infiltration. The slow entry of water from the ground
surface into surficial deposits or into bedrock.

Intensity. Refers to the severity of ground motion (shak-
ing at a specific location during an earthquake and is
based on the sensations of people and on visible effects
on natural and manmade objects. The most widely used
intensity scale in the United States is the Modified
Mercalli intensity scale. (See table 2.)
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Joint. A fracture in bedrock along which there has been no
movement parallel to the fracture. Movement at right
angle to a fracture, however, may take place and produce
an open joint, - -

Joint set. A group of joints parallel in strike and dip
with each other. ‘

Magnitude. Refers to the total energy released at the
source of an earthquake. It is based on seismic records
of an earthquake as recorded on seismographs. Unlike in-
tensity, there is only one magnitude associated with one
earthquake. The scale is exponential in character, and
where applied to shallow earthquakes, an increase of 1
unit in magnitude signifies approximately a 32-fold in-
crease in seismic energy released.

Marine limit. The height to which sea level formerly ex-
tended as contrasted with present sea level. It is used
to indicate the approximate amount of relative rise of
the land surface above present sea level.

Muskeg. Organic-rich deposits consisting of peat and
other decaying vegetation; commonly found in swamps and
bogs.

Neoglaciation. An episode of relatively cool climate that
followed the Hypsithermal, and which extended from about
3,500 years ago in southeastern Alaska to the present.

Pleistocene. An epoch of geologic time characterized by
worldwide cooling and by major glaciations; also called
the "glacial epoch'" or Ice Age. The Pleistocene Epoch
denotes the time from about 2 million to 10,000 years
ago.

Seismic seiche. Waves set up in a body of water by the
passage of seismic waves from an earthquake, or by tilting
of a water-filled basin.

Strike. The compass direction of a line formed by the
intersection of a bed, bedding surface, fracture, fault,
foliation, or other essentially planar feature with a
horizontal plane.

Talus. Accumulated heap of rock fragments derived from
and lying at the base of a cliff or very steep slope.
The term applies to the body of rock fragments as a unit.
The heap usually has a form determined by gravity and the
angle of rest of the material (Varnes, 1958).



Tsunami. A sea wave, otherwise known as a seismic sea
wave, generated by sudden large-scale vertical dis-
placement of the ocean bottom as a result of submarine
earthquakes or volcanic action. . Tsunamis in the open
ocean are long and low, and have speeds of 425-600
miles per hour. As they enter shallow coastal waters
they can greatly increase in wave height and also in
height of runup onto land.
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FAULTS

Faults record ground movement that occurred in the past, and indicate
the possibility of renewed movement in the future. Consequently, one

of the objectives of the field mapping was to determine if recent move-
ment on any faults cculd be established in the Juneau area. Particular
attention was given to a search for geomorphic features that might in-
dicate fault displacement of the relatively young deposits of Pleisto-
cene or Holocene age. Broad flattish surfaces on surficial deposits and
terraces were examined on the ground for evidence of vertical or horizon-
tal movement, and aerial photographs were inspected for linear features
in the surficial materials, which might indicate fault traces. In addi-
tion, exposures of glaciomarine deposits were examined for any internal
evidence of fault movement. I have concluded that in the area mapped no
recent fault activity has displaced surface deposits of Pleistocene or
Holocene age. Whether there has been fault movement beneath the waters
of Gastineau Channel during that time, however, is not known. Thus, all
the faults shown on the geologic map (pl. 1, sheets I and II) probably
are of pre-Pleistocene age.

Faults have been recognized in southeastern Alaska and in and near the
Juneau area for many years (fig. 1). The faults shown on figure 2 have
been plotted from earlier work by others. F. E. and C. W. Wright (1908,
p. 21-22; pl. IV) proposed that the fiord marked by Lynn Canal and its
southern extension, Chatham Strait, existed because of a major fault
(see fig. 1, this report). This fiord, which is only 3-6 miles wide
along most of its length is more than 250 miles long and trends at an
angle of about 30° to the strike of the bedrock. Buddington and Chapin
(1929, p. 291) also considered the Lynn Canal-Chatham Strait fiord to

be the result of erosion along a fault zone. St. Amand (1954, p. 1350;
1957, p. 1357, fig. 7) concluded that the Lynn Canal segment is part of
the Denali fault and postulated it to be a strike-slip fault with right-
lateral movement. This means, in effect, that the parts of the earth on
different sides of the fault moved in opposite directions and basically
in a horizontal plane, with the western side of the fault moving north-
westward relative to the eastern side. He also suggested that the near-
ly straight alignment of Cowee and Boulder Creeks (northwest of the
mapped area) along with Windfall and Montana Creeks and Gastineau Channel,
may mark an important fault branch of the Denali fault. Twenhofel and
Sainsbury (1958, fig. 2) show an inferred fault trending southeastward
from the main Lynn Canal-Chatham Strait fault through Berners Bay as the
Gastineau Channel fault (?) (fig. 2, this report). The trace of this
inferred fault is believed to be represented by deformed rocks in the
saddle in the ridge northeast of the Juneau airport (C. L. Sainsbury,
oral commun., 1966). Subject to controversy, the existence of a fault
along Gastineau Channel is given support by seismic data that show a
V-shaped rather than U-shaped valley at depth (Gene Rusnak, written
commun., 1967). Twenhofel and Sainsbury (1958, fig. 2) also show an in-
ferred fault trending northwest-southeast that approximately bisects
Douglas Island and follows Fish Creek on the northern part of the island
(fig. 2). Barker (1957) mapped shear zones along Windfall and Montana
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Creeks, showed a fault along Peterson Creek on the western part of
Douglas Island, and showed possible faults at the base of and parallel
"to Auke Mountain, north of Auke Bay, and from Lena Cove to near Point
Louisa on Auke Bay (fig. 2 this report). Brew and others (1966, fig.
8-5) also show a major fault or lineament trending northwest along Gas-
tineau Channel and Montana Creek. The steeply dipping beds at Sunny
Point also may be related to a fault or faults along the channel. In
addition, a water well drilled just northeast of the bedrock ridge that
forms Sunny Point did not penetrate bedrock until it reached the depth
of 105 feet (Andrew Haskins, Alaska Drilling Corp., Juneau, Alaska, oral
comnun., 1965). This suggests to me that the bedrock at the Sunny Point
promontory may be a bedrock remnant contained between faults. Spencer
(1906, pl. IV) first mapped the Silverbow fault along Snowslide Gulch,
adjacent to Gold Creek, which trends Gastineau Channel. The fault loca-
tion shown on the geologic map, plate 1, sheet I, of this report, was
provided by A. B. Ford and D. A. Brew, U.S. Geological Survey. Although
Brew and others (1966, p. 167) consider that post-Tertiary movements
along existing faults in southeastern Alaska helped to develop the
present-day configuration of the land, evidently no such movements have
occurred near Juneau. The nearest known example of historic fault move-
ment occurred about 100 miles west of Juneau in 1958 (Tocher and Miller,
1959; D. J. Miller, 1960; Page, 1969) along the Fairweather fault (fig.
1). .

EARTHQUAKES

Although movement has not occurred along faults in or near Juneau in
historic time, the area has been repeatedly shaken by earthquakes from
more distant epicenters. Furthermore, the type and distribution of some
of the geologic deposits at Juneau leads me to believe that in prehistoric
time, the area was seismically active. The geologic evidence in support
of this conclusion includes the rockslide-avalanche deposits and some of
the other landslide deposits. The rockslide-avalanches along lower Gold
Creek and on Douglas Island and the landslides in Lemon and Salmon Creeks
and along Nugget Creek reflect catastrophic events of the fairly recent .
past. Other conditions could have triggered these slides, but recurring
seismic activity seems to be the most likely cause. Because of Juneau's
location at the base of steep mountain slopes, there is an ever-present

- risk from falling and sliding rock. This risk is greatly increased dur-
ing a severe earthquake, and hence, rockfalls should be considered in
long-range planning for urban development.

Although damage to buildings from seismic shaking is not solely a geo-
logic effect, the period and amplitude of ground motion depend on geo-
logic factors. It is generally known that vibration is more intense in
thick unconsolidated materials than in bedrock. This report in part
discusses the probable response of the various geologic materials to the
effects of a hypothetical nearby severe earthquake.

Newspaper and scientific accounts record the occurrence of earthquakes
of various intensities since about 1900. Table 1 is a compilation of

10



earthquakes since 1847 that various sources reported as felt in Juneau
or that possibly should have been felt in the Juneau area. Table 2 is
the Modified Mercalli intensity scale, which ‘classifies the severity of
earthquakes by a numerical rating that is based on ground behavior, human
reactions, and damage. On September 10, 1899, miners working underground
on Douglas Island and in the Silverbow Basin rushed to the surface after
the strongest earthquake to occur that day at Yakutat, Alaska (The Alaska
Miner, Sept. 16, 1899). Tarr and Martin (1912, p. 48) refer to reports
that fractures or furrows occurred in "incoherent sand flats in the Lynn
Canal region * * *,'" and (p. 82) to eyewitness accounts that reported
ground waves, dishes being broken, and boulders rolling down the moun-
tainsides from the shocks in the Berners Bay area. The direction of
motion and severity of the quake at Berners Bay is suggested by a person
who stated that "It seemed to come from the northwest. If walking north-
west one staggered forward, and if walking northeast one staggered side-
wise." (Tarr and Martin, 1912, p. 82). Another eyewitness reported that
icebergs filled the nearby waterways of Taku Inlet and Stephens Passage,
as well as Gastineau Channel, from the shattering of Taku Glacier.
Buildings along the Juneau waterfront shook and swayed and windows rat-
tled during an earthquake in 1909 (Daily Alaska Dispatch, Feb. 16, 1909).
A large earthquake that occurred February 12, 1934, on the northern part
of Admiralty Island (fig. 3) had an intensity of 5 at Juneau; it caused
the rock dump at the A-J mill to settle in places and tipped-over a
stacker. An earthquake shook Juneau on September 23, 1934, and caused
furniture to move (Davis and Echols, 1962, no. 224). Another earthquake
shook buildings in Juneau on September 27, 1947 (Davis and Echols, 1962,
no. 246). As a result of the earthquake along the Fairweather fault

near Icy Point on July 10, 1958, Juneau shook and merchandise fell to

the floor, minor rockslides occurred in the highland part of town, and
people fled to the streets as the 1l2-story Mendenhall apartment building
and private homes swayed (Daily Alaska Empire, July 10, 1958). As a
result of the great Alaska earthquake on'March 27, 1964, a float plane

on the water in the harbor at Douglas flipped over 'as a result of un-
usual tidal action" (Juneau-Daily Alaska Empire, Mar. 29, 1964). Von
Hake and Cloud (1966, p. 54) state that the 1964 earthquake was felt
principally in the northwest part of Juneau, especially in the Gastineau
Channel area, but with "the heaviest rolling shocks apparently concen-
trated in the Mendenhall valley."

Probability

The historical record indicates that earthquakes strong enough to affect
Juneau most likely would occur along the Fairweather-Queen Charlotte
Islands fault, and that their direct effects on Juneau would depend on
the epicentral distance, magnitude, and focal depth and on the accelera-
tion, amplitude of the ground waves, and duration of shaking at Juneau.
A long duration of shaking even from an earthquake of fairly low magni-
tude can result in greater damage than one might predict from the
magnitude alone.
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Table 2.--Abridged Modified Mercalli intensity'scalel/

1 Detected only by ééﬁsii&ivé"inééfuﬁéﬁté"" R
IT Felt by a few persons at rest, especially on upper floors;
delicate suspended objects may swing
I11 Felt noticeably indoors, but not always recognized as a
quake; standing autos rock slightly, vibration like
passing truck
v Felt indoors by many, outdoors by a few; at night some .
awaken; dishes, windows, doors disturbed‘ motor cars
rock notlceably
A Felt by most people; some breakage of dishes, ‘windows,
and plaster; disturbance of tall objects
VI Felt by all; many frightened and run outdoors; falling
plaster and chimneys; damage small =~ '
Vil Everybody runs outdoors; damage to buildings varies,
depending on quality of construction; noticed by
drivers of cars
VIII Panel walls thrown out of frames; fall of walls, monuments,
chimneys; sand and mud ejected; drivers of autos
disturbed
X Buildings shifted off foundations, cracked, thrown out of
plumb; ground cracked; underground pipes broken .
X Most masonry and frame structures destroyed; ground cracked;
rails bent; landslides
X1 New structures remain standing; bridges destroyed; fissures
in ground; pipes broken; landslides; rails bent
XIT Damage total; waves seen on ground surface; lines of sight

and level distorted; objects thrown up into air

-1Abridged from Wood and Neumann (1931)
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Prediction of the size and location of future earthquakes and their
effects is difficult and tenuous. Figure 3 shows the location of epi-
centers and approximate magnitude of most of the recorded earthquakes
that occurred between 1899 and 1969 in, or adjacent to, southeastern
Alaska. Circles of 50- and 100-mile radii give some idea of the histori-
cal occurrences of earthquakes in location and magnitude within a dis-
tance that could strongly affect the Juneau area. Earthquakes beyond
the 100-mile circle probably would not seriously affect Juneau. It is .
interesting to note that only two recorded earthquakes originated with-
in 50 miles of Juneau since at least the turn of the century. The epi-
center of one of these earthquakes, which occurred on January 20, 1964,
lies about 25 miles northeast of Juneau. Although this earthquake was
not felt at Juneau, it was recorded at Edinburgh by the International
Seismological Centre (1967). As noted on figure 3, the optimum accuracy
of the epicentral locations is within 10-15 miles, but some of the epi-
centers of the early 1900's may be misplaced as much as 50 miles or more;
nevertheless, this 1964 earthquake apparently originated closer to
Juneau than any other known at present.

An attempt to predict statistically the probability, or recurrence in-
tervals, of earthquakes that might affect the Juneau area or their po-
tential magnitudes can be based only on historical records, and at Juneau
those records extend back only to near the turn of the centuty. A record
of no less than several centuries is regarded by Lomnitz (1967) as nec-
essary for computer predictions of earthquake recurrence ‘intervals. In
an attempt to provide a research guide for design and insurance uses,
Milne (1967) compiled all of the recorded earthquakes in Canada. One re-
sult of the study was a computer print-out based on records from 1898
through 1960 that provided the data for compilation of a strain-release
map designed principally for western Canada, but including coastal Alaska
(Milne, 1967, fig. 11, p. 809). On this map energy release is shown by
contours numbered from 0 to 6. Because each contour is based on the
maximum strain that has been released in the historical past, the contours
can be used to suggest the potential size of future earthquakes. Juneau
lies between the 0 and 1 contours on Milne's strain-release map. Accord-
ing to Milne (1967, table II, p. 805) the O contour requires a magnitude
3.7 earthquake once every 100 years to release the accumulated strain,
and the 1 contour indicates that a magnitude 5 earthquake every 100 years
is needed to totally release the strain. Earthquakes of these magnitudes
are generally not considered to be destructive in areas of well-designed
and properly built structures. These magnitudes.,are theoretically the
most severe earthquake anticipated per 10,000 km” per 100 years, based

on the historical data available to Milne. It should be pointed out,
however, that the highest strain-release contour plotted, the 6 contour,
is only about 80 miles from Juneau where it extends north from a point
south of Icy Point (shown on fig. 1). This strain-release contour indi-
cates a magnitude 7.7 earthquake as the theoretical maximum; more events
of lesser magnitude would be needed to release the accumulated strain.
For example, 3.1 events of magnitude 7 or 100 events of magnitude 5

would be needed to release the strain per 100 years. The Icy Point area
was near the epicenter of the 1958 Fairweather fault earthquake that so
dramatically affected Lituya Bay (D. J. Miller, 1960); this earthquake
had a magnitude of about 8 (see fig. 3).
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Some workers believe that the seismic activity in this part of south-
eastern Alaska has moved westward, away from the Lynn Canal-Chatham
Strait fault during Pleistocene and Holocene times. Lemke and Yehle
(1972a) summarize the regional tectonics concerning southeastern Alaska
in more detail than this paper permits. Briefly, the tectonic thinking
relative to the Juneau area is reflected in the following statements.
Grantz (1966, p. 52, 76) suggests that the main seismic activity in
southeastern Alaska now occurs along the Fairweather-Queen Charlotte
Islands fault, and the related Chugach-St. Elias fault (fig. 1). Richter
and Matson (1971, p. 1533) consider that '"Movement, and especially later-
al movement, along that part of the Denali fault southeast of the Tot-
schunda fault system and the remainder of the faults in the Denali sys-
tem extending into Canada and southeast Alaska may have been negligible
since middle Pleistocene time.' Figure 3 shows the concentration of
seismic activity west and northwest of Juneau, near the coast and in the
areas traversed by the Fairweather and Chugach-St. Elias faults, shown

on figure 1.

The seismic status of the southeast part of the Denali fault system,
however, remains unresolved. Although the Lynn Canal-Chatham Strait
fault has shown no detectable seismic activity during the past 60 years,
according to Tobin and Sykes (1968, p. 3839), or during recent micro-
earthquake studies by Rogers (1972, p. 226), interpretations differ as
to the meaning of this lack of activity. Richter and Matson (1971, p.
1534) believe that the Totschunda fault system shows Holocene right-
lateral displacement; this, coupled with lack of evidence of such move-
ment southeast of the Denali-Totschunda junction, suggests to them that
the Totschunda fault system may extend to the Fairweather fault, and
seismic activity may be bypassing the southeastern part of the Denali
fault, including the Lynn Canal-Chatham Strait fault. Evaluating the
absence of seismic activity, Tobin and Sykes (1968, p. 3840) suggest
that prolonged quiet periods over part of an otherwise active earthquake
belt might be a guide to the accumulation of strain which might be re-
leased suddenly as an earthquake. Boucher and Fitch (1969, p. 6648),
summarizing their microearthquake seismicity studies along the Denali
fault system, state that " * * * the results of this study indicate that
the Deanli fault is active in some sense along its entire length east

of Mount McKinley, the westernmost point visited in this survey, and it
should probably not be dismissed as a relic fault of no current tectonic
importance." On the basis of these statements, I feel that the Lynn
Canal-Chatham Strait fault cannot be ignored merely because of the lack
of historical earthquakes having epicenters related to it.

Attempts have been made by others to zone portions of the earth's sur-
face according to the probable maximum magnitudes of earthquakes that
might affect the various areas. The purpose of such zoning is to aid
in development of design criteria and insurance rates, and is not to aid
in prediction of the specific size or frequency of earthquakes. A seis-
mic zone map (fig. 4) from the 1970 edition of the Uniform Building Code
(Internatl. Conf. Building Officials, 1970) places Juneau in zone 2, a
zone where the largest expectable earthquakes would have magnitudes of
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SARROW ARCTIC OCEAN

PACIFIC OCEAN

STATUTE M ES

ZONE 1 - Minor damage: distant earthquakes may cause
damage to structures with fundamental periods
greater than 1.0second; corresponds to inten-
sities V and VI of the Mg* Scale

ZONE Z - Moderate damage: corresponds to intensity VII
of the MM* Scale

ZONE 3 - Major damage: corresponds to intensity VIIi
and higher of the MM* Scale

*Modified Mercalli Intensity Scale of 1931

Figure 4.--Seismi - zone map of Alaska. Modified from
the 1970 ed tion of the Uniform Building Code
(Internation .l Conference of Building Officials,
1970). Afte: Lemke und Yehle (1972a).
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between 4.5 and 6 and where moderate damage to manmade structures is
possible. On the other hand, figure 5 of this report is a seismic prob-
ability zone map currently used by the U.S. Army Corps of Engineers for
design requirements (Alaska District, written commun., June 13, 1968).

On this map Juneau lies within zone 3, which consists of the area in
which an earthquake greater than magnitude 6.0 might occur and where
major damage to manmade structures might occur. Thus, this map places
Juneau in a considerably higher category of risk than either Milne's
(1967) strain-release map or the seismic zone map in the Uniform Build-
ing Code. The higher risk assignment by the Corps of Engineers seems
reasonable to me, until the seismic activity, or lack of it, in the

Lynn Canal area is better understood. The hazard evaluations that are
discussed for the various geologic deposits are based upon the assumption
that a magnitude 6 or stronger earthquake could occur in the Juneau area.
A magnitude event with an epicenter within 10 miles of Juneau could cause
more shaking and resulting damage than a much stronger earthquake 100
miles away. Thus, in the tabular text the column titled "Probable ground
response to a severe earthquake" discusses the probable reaction to a
severe earthquake on the premise that, if such an earthquake occurs, part
or all of the responses probably will occur.

TSUNAMIS

The possibility that the Juneau area is susceptible to tsunamis, or
seismic sea waves, must be considered. It is highly unlikely that tsu-
namis from the ocean would cause spectacularly damaging effects in the
Juneau area, such as those experienced elsewhere by the tsunamis caused
by the 1964 Alaska earthquake. The previous discussion of faults points
out that the Lynn Canal-Chatham Strait fault (fig. 1) is probably a
strike-slip fault that had right-lateral movement (see p. 7). Tsunamis
are not known to be caused by such horizontal fault movements; vertical
displacement is considered necessary for their generation (Plafker, 1969,
p. 138). Consequently, strike-slip movement along the Lynn Canal-Chatham
Strait fault probably would not cause a tsunami. However, Plafker (1969,
p. I39) mentions that unusual water disturbances in lakes, fiords, and
rivers not physically related to the epicenter of the 1964 Alaska earth-
quake'" * * * may have been generated by inertial effects of the water
bodies as the land mass was displaced horizontally beneath them. Hori-
zontal movement of a deep steep-sided "basin or fiord, if it occurred fast
enough, would be expected to impart potential energy to a contained
water mass by changing its surface configuration * * *, Thus, because
of its inertia, water would tend to pile up above its original level
along shores opposite to the direction of displacement, and it would
simultaneously be lowered along shores in the direction of displacement."
Plafker states further "For a given amount and rate of displacement, the
effect of horizontal movement on the water mass would be proportionally
greatest where orientation of shores is normal to the direction of ho-
rizontal movement and relatively steep basin sides permitted the maximum
energy to be transferred from the basin to the water mass."
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In effect, then, the Juneau area cannot be considered free from abnormal-
ly high and destructive water waves if, in the future, there is a severe
earthquake centered along the Lynn Canal-Chatham Strait fault. Although
the preceding discussions of faults suggest that the Lynn Canal-Chatham
Strait fault may no longer be active, the historical seismic record for
this area is so short, and the capability of predicting earthquakes and
their effects so uncertain, that recognition of the possibility of ab-
normal water waves occurring in the area is only prudent. The National
Ocean Survey maintains a net of observation stations that permit warnings
to the residents of areas expected to be affected by tsunamis from dis-
tant sources, but only the individuals' awareness of the potential danger
from abnormal water waves caused by relatively near severe earthquakes
can help prevent damage from such waves.

SUMMARY EVALUATION OF RELATIVE PROBABILITY
OF OCCURRENCE OF CERTAIN HAZARDOUS GEOLOGIC EVENTS

The foregoing discussions make it obvious that there are no criteria
established at the present time that will reveal the specific form, time,
or place of occurrence of hazardous geologic events. Judgments on my
part, however, based partly on quantitative tests and partly on subjective
reasoning as a result of studying the geologic materials in the Juneau
area, place selected geologic hazards into five categories of relative
probability of occurrence. The general range of probability from almost
impossible to almost certain is arbitrarily indicated by the numbers 1

to 5, respectively. Within the detailed discussions that follow in the
remainder of the report certain hazards are discussed regarding their rela-
tionships to each geologic formation. Table 3 lists what in my judgment
are the relative probabilities of occurrence of selected geologic events.

GEOMORPHOLOGY

Physiographically, the Juneau area consists of three units--mountains,
coastal benches along the fiords and bays, and floors of stream and river
valleys. The slopes of the mountains are generally steep; 35°-45° slopes
are prevalent, but even steeper slopes are common. The steep slopes
merge into more gentle slopes near sea level along the fiords, so these
valleys have the appearance of having recently been glacially shaped and
smoothed. The U-shape, however, was developed as a result of the lower
mountain slopes being covered by valley-filling surficial deposits.

These deposits fill the deep bedrock-walled fiord containing Gastineau
Channel and provide the valley with a flat floor. Glacial ice did

smooth at least the upper part of the fiord walls, but seismic data in-
dicate that the mountainsides continue downward at the same slope angle
to form a V-shaped bedrock trough at depth (Gene Rusnak, written commun.,
1967). The original floor of the valley is shown to be as much as 600
feet below the floor of the modern channel.

Well-defined and prominent topographic benches extend from south of the

town of Douglas northward to Outer Point. Two surfaces separated by
bedrock ridges or knobs that project through the surficial deposits
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Table 3.--Relative probability of oceurrence of earthquakes and seleeted
- hazardous geologic events in the Juneau area within 100 years

Earthquakes , Probabilityl!

Earthquake of magnitude 6 or greater with epicenter
at Juneau---==emecescc e cc e e r e e e e e a e e e ————a 1

Earthquake of magnitude 6 or greater with epicenter
within 50 miles of Juneau---~-c=ccccccmmre e 3

Earthquake of magnitude 6 or greater with epicenter
within 100 miles of Juneau-«--=~-=coccccacacamemcnaccaaaaa 5

Type of hazard
Movement along faults in Juneau area--------=cocccacaccana- 1

Massive landslides in glaciomarine deposits similar
to landslides that occurred in the Bootlegger Cove
Clay in the Anchorage area during the March 1964
earthquake-=-~c--cceccc e c e crc e mr e 1

Delta-front slides into water as result of earth-
quake, causing waves with rapid runups in excess
0f 5 feet-wwmcmmmmm e e ca e 3

Tsunamis in Gastineau Channel with rapid runups in
excess 0f 5 feet--mmecmmmcmcocccc e e 2

Tsunamis in Lena Cove, Auke Bay, Fritz Cove, Tee
Harbor, and along North Douglas Island and rapid
runups in excess of 5 feet=-~=w-mmcccccccnmnccaccacanaaas 3

Debris flows along existing or new channels on
mountain slope above the Gastineau Avenue-Franklin
Street area-----=wemcmecccccccccccccccccccre e c e cncec——— 5

Massive rockslide-avalanches along mountain fronts--------- 4

Isolated rockfalls along existing talus cones, and
as unexpected occurrences elsewhere=----==emeccncccccacan 5

e Damage from severe shaking caused by earthquake of
magnitude 6 or greater with epicenter within 100 .
miles of Juneau----------cccccccmccccncccaccc e n e c e 3

Compaction and settlement of water-saturated depos-
its from shaking of ground in response to earth-
quake of magnitude 6 or greater with epicenter
T within 100 miles of Juneau--=-=-=-ccccccncccnccccanccaca- 3

—l/Probability ranges from 1 (iﬁ;3gg;bl§ to 5 (almost certain)
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provide a stairstep appearance to the lower slopes of the mountains on
Douglas Island along Gastineau Channel. The lower surface extends to
altitudes of about 200 feet above sea level. These benches are the re-
sult of deposition of subaqueous sediments over ancient wave-cut sur-
faces on bedrock followed by uplift of the land as the weight of melting
glaciers decreased.

The large tributary streams on the mainland, such as Salmon, Lemon, and
Montana Creeks, generally have broad evenly sloping alluvium-filled
valleys at their lower ends. Upstream, however, the streams flow through
narrow bedrock gorges, which more or less mark the present limit of
possible urbanization.

GEOLOGY AND ENGINEERING INTERPRETATIONS

The following discussion consists primarily of information supplementary
to that presented in tabular form. For this reason, the geologic forma-
tions are discussed in the same order in which they appear in the

table.

The distribution and nature of the surficial deposits in the vicinity of
Juneau are shown on plate 1, sheets I and II. Regional bedrock studies
currently are being made by D. A. Brew and A. B. Ford, U.S. Geological
Survey; consequently, for the purposes of this report the bedrock is
undifferentiated on the accompanying geologic map. Southeastern Alaska,
which lies within an active tectonic belt that extends around the Pacific
Ocean, has been tectonically active since the early Paleozoic. It was
subject to "intermittent marine detrital clastic, carbonate, and volcanic
deposition from early Paleozoic through late Mesozoic time" (Brew and
others, 1966, p. 149). The Juneau area is immediately underlain by
layered greenstone, graywacke, slate, greenschist, and metavolcanic flow
breccia that are '"'mostly of Mesozoic age, perhaps as young as Early Cre-
taceous" (Loney and others, 1967, p. 521). These rocks lie exposed where
Quaternary glaciers have scraped and removed residual soils from along
the mountain slopes. At lower altitudes, however, the bedrock is generally
obscured by overlying unconsolidated materials of late Pleistocene and
Holocene age.

The unconsolidated materials of Quaternary age are subdivided in this
report into groups of deposits of similar origins, though possibly of
different ages. These groups are manmade fill, muskeg, mass-wasting
deposits, glacial deposits, alluvial deposits, deltaic deposits, beach
deposits, marine deposits, and glaciomarine deposits. With the excep-
tion of the first five categories named, all or part of the other depos-
its originated because of deposition related to changes in sea level
resulting first from the depression and then from the subsequent rebound
of land owing to the advance and retreat, respectively, of the last
widespread glaciation in southeastern Alaska.

Sometime prior to 12,000 years ago, the land was depressed at least 500
feet and, locally, as much as 700 feet below modern sea level in the



Juneau region. Micro- and macrofossils in the glaciomarine deposits,
and radiocarbon dates determined from them, provide the evidence and
time of such submergence. Pebbles, cobbles, and boulders, in a sandy
matrix containing the shells, constitute much of the glaciomarine depos-
its preserved in the Juneau area. Deltas and beaches accumulated from
streams and tidal waters; these are preserved today as deposits raised
several hundred feet above modern sea level.

Holocene materials in the Juneau area, as shown on the geologic map, are
both glacial and nonglacial in origin. Ice-laid as well as fluvial de-
posits represent the materials that accumulated as a result of the pres-
ence of piedmont or valley glaciers. These deposits are found along
major streams on the mainland and Douglas Island. Nonglacial deposits
include alluvium underlying flood plains and terraces, and in deltas
building into Mendenhall and Auke Lakes, and into Gastineau Channel.
Beach and bar deposits occur in some places along the shores of the
channel, bays, and coves. Intertidal materials are along the present
shores in areas of moderate or weak offshore currents, and also underlie
surfaces lifted slightly above high tide level since the turn of the
century. Muskeg overlies and obscures portions of some of the Pleistocene
and Holocene deposits in the Juneau area.

Deposits accumulated from mass-wasting processes are widespread and are
evidence of a continued potential major geologic risk in the Juneau area.
Landslides that include rockslide avalanches and debris flows, and accu-
mulations of talus near the base of slopes suggest that unstable mountain
slopes surround the Juneau urban areas. Loose and weathered rock, and
residual debris, lie on steep slopes awaiting some trigger to send them
moving toward the foot of the slopes.

Bedrock

Bedrock, shown on map as unit (b), of the Juneau area includes layered
greenstone, graywacke, slate, greenschist, and metavolcanic flow breccia
(Knopf, 1912; Buddington and Chapin, 1929; Barker, 1957; and D. A. Brew,
written commun., 1965). Upvalley from the Mendenhall Glacier and beyond
my mapped area is one major source for the pieces of metamorphic schists,
gneisses, and a coarse-grained hornblende quartz diorite contained in
the surficial deposits (D. A. Brew, written commun., 1965). A similar
suite of rocks, east of Juneau, lies adjacent to or in the Gold Creek
drainage (Sainsbury, 1953).

The age of the layered rocks in the Juneau region ranges from late
Triassic to Early Cretaceous (Plafker, 1962, pl. 10; Brew and others,
1966, figs. 8-2, 8-10, and 8-11). The intrusive rocks east of the area
mapped in this report are of Early Cretaceous age (Brew and others, 1966,
fig. 3 and p. 153) and Eocene age (Forbes and Engels, 1970, p. 583).

Two principal rock groups are present on the mainland and Douglas Island,

according to Buddington and Chapin (1929, pl. I). Graywacke, slate, and
conglomerate extend along the entire length of the eastern side of
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Douglas Island and along the mainland northwestward from Juneau. Green-
stone and greenschist (green phyllite) are interbedded with black and
gray slaty phyllite along the mainland shore of Gastineau Channel south
of Juneau. The islands in Auke Bay and Fritz Cove and the mainland north
from Auke Bay have been mapped as augite-bearing volcanic flow breccia
of Jurassic(?) to Cretaceous(?) age by Barker (1957).

The bedrock tends to form nearly vertical bluffs along shores and moder-
ately steep slopes along much of the mountainsides. Mass wasting and
heavy rainfall have removed most of the glacial deposits from these
slopes so that rock is generally at the surface at most places above

500 feet above sea level. Steep to vertical alcoves are common on slopes
above areas of rockfalls, rock avalanches, and some talus cones.

The physical properties of the bedrock influence the stability of the
mountain slopes and use of the land at the base of the mountains. Sev-
eral broad generalizations may call attention to what I consider to be
critical aspects of land use along or below steep bedrock slopes. The
foliation or bedding of the layered rocks on the mainland strike nearly
parallel to the trend of the steep slopes along Gastineau Channel. These
planar fgaturesogenerally dip northeastward into the mountainside from
about 30 to 75 . A joint set that strikes almost perpendicularly to

the foliation or bedding is well developed, and generally dips northwest-
ward at between 55 and 80" . Another important joint set strikes nearly
pagallel to the foliation and layering, but dips southwestward at about
65°. The result of the combination of planar features and joints is that
the bedrock readily breaks into large blocks which can become loosened
and unstable on the steep slopes. Such large blocks formed by these in-
tersecting fractures are loosened even further by tree roots that grow
in the openings and push the blocks apart.

On Douglas Island, the layering of the rocks which is somewhat easier to
see because of the conspicuous partings in slate, also strikes to the
northwest and dips northeastward about 60  to 65 in many places; the

dip is locally steeper. These beds are cut by joint sets that have vari-
able directions; some strike northeast and dip southeastward, others
strike northeast and dip northwestward.

Erosion of the bedrock is generally controlled by weathering along the
planar features, which are the weakest aspect of most of the bedrock.
Weathering generally progresses along these incipient fractures, and
developes openings and zones of weakness along which water and gravity,
singly or in combination, can loosen and erode the rock. The micaceous
greenschist above Juneau weathers and erodes easily, and schistose par-
ticles accumulate as clayey colluvium. The bedrock on the steep moun-
tain slopes has been scraped by past glaciers that moved across the area.
Sainsbury (1953) reports residual soils on bedrock at interstream divides
at altitudes of 3,000 feet and higher, but the bedrock is scarcely
weathered on the glaciated mountainsides.
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Bedrock is more resistant to shaking from earthquakes than any of the
other geologic materials in the Juneau area. Although damage to build-
ings from seismic vibration is not a geologic effect along, the frequency
and amplitude, which affect buildings, depend on geologic factors. The
subsoil is important in this respect, and, other things being equal, it
is widely accepted that vibration is less in areas of bedrock than in
areas of thick unconsolidated materials. Direct seismic damage is highly
selective, and poor construction practices and structural weaknesses are
quickly revealed by earthquakes (Berg and Stratta, 1964, p. 58), whether
on bedrock or on unconsolidated materials.

The wave-cut benches on bedrock along the channel, bays, and coves are
in areas that are susceptible to tsunami waves. The low flat bedrock
benches along the shore of Auke Bay, on Mendenhall Peninsula, and on
Auke Cape are particularly susceptible because of their openness to the
waters extending north and northwest. The bedrock bench bounding the
Lena Cove area on Point Lena is also exposed to open waters. Waves that
originated to the north or northwest probably would strike these areas
with full force.

Large rockslide- avalanche deposits in the Juneau area are proof of past
rockfall activity, but rockfall potential along the mountains varies

from place to place. Most previous rockfalls originated on 'slopes gen-
erally free of dense vegetation and left scars that coincide with planes
of weakness along joint sets or at boundaries between different rock
types. Some mountain areas are underlain by rocks that have tight joints
and smooth debris-free slopes. Such slopes are more stable than slopes
where broken rock is being pushed apart by tree roots or is slowly
moving downhill.

While most of the bedrock slopes in the Juneau area lie some distance
from Gastineau Channel, large rockfalls could reach the water and cause
waves. The fiord country of Norway is noted for nonearthquake-related
massive rockfalls and slides that have caused giant waves and destruc-
tion along shores. In places in Norway the risk of rockfalls is of such
concern that large loose rocks, many of which are being pushed apart by
tree roots (as in the Juneau area), have been secured by cables anchored
to solid rock (Bjerrum and Jorstad, 1968, p. 7). Inspection of the
slopes above the urbanized areas of the Juneau Borough probably would
locate similar large and unstable fragments that well could be secured
in a similar manner.

Surficial deposits

Manmade fill

Manmade fill, as used in this report, consists of earth materials re-
worked by man, and solid waste discarded by man. These materials are
mapped as debris from mining and milling operations that have been
placed in dumps (md), undifferentiated materials generally used for high-
way and construction fill (mf), and accumulations of solid waste and
rubbish placed in dumps (mw).



Mine dumps (md)

Mine dumps consist of waste from mining and milling operations. They

are primarily mixtures of angular fragments of slate, greenstone, diorite,
greenschist, and vein quartz. Many of the pieces are 4-10 inches in
longest dimension; other pieces came through the stamp mill and range in
size from less than 2 inches in diameter to sand.

The mine dumps along Gold Creek are related to mills, many of which have
disappeared. The dumps along Gastineau Channel near the Alaska-Juneau
mill are the largest in the area. Smaller dumps are near the Treadwell
property on Douglas Island southeast of Douglas. Piles of rock that
form elongate terraces or multiple ridges and mounds are characteristic
of the mine dumps. The beach at Douglas is made up mostly of mill
tailings.

The Alaska-Juneau tailings dump in Gastineau Channel is the thickest
mine dump in the area. Fathometer traverses revealed that the margin

of the A-J dump extends about 100 feet below sea level (Robert D. Miller,
1967). The thickness of the dump above high tide is not definitely
known but it exceeds 20 feet in most places. Other dumps are thinner
and probably veneer hillsides to a thickness of 20-50 feet but extend
several hundred feet down slope. Small isolated dumps along Gold Creek
and on Douglas Island are probably less than 40 feet thick.

Much of the debris in mine dumps is weathered and decomposed. The larger
fragments in the A-J dump were not processed through the stamp mill, and
pieces 4-6 inches and larger are common. Mine dumps on nearly level
ground are composed of weathered rock fragments, and fine-grained materi-
al seems to be distributed throughout the deposit.

Infiltration is generally good to excellent in the coarser mine dumps,
and poor in the intensely weathered dumps. The surface of the large
A-J dump is generally sandy, but apparently the bulk of the dump con-
sists of blocky fragments, so there probably are openings between rock
fragments which allow free flow of water. Runoff is good on the fine-
grained dumps with steep slopes and fair to poor on the large dumps
along Gastineau Channel.

The fine-grained dumps are easily eroded by concentrated flow but resist
sheet wash. The large dumps along Gastineau Channel resist sheet wash
and wave erosion. Tidal currents have winnowed the dump material and
formed broad flats that can be seen at low tide between the large A-J
mine dump and Snowslide Creek dump.

The large A-J dump provides satisfactory foundations for oil tanks and
other structures under static conditions. The general coarseness of
the material, coupled with compaction and settlement over many years,
seems to have resulted in a good foundation. The fine-grained dumps
probably are less satisfactory foundation materials, and differential
settlement should be expected.
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Severe vibration shakes loosely consolidated materials more than densely
compacted materials. Material in mine dumps is generally loosely placed,
only moderately compacted, and contains many openings between rock frag-
ments. During an earthquake on February 12, 1934, the A-J dump settled
in several places and waste conveyors were wrecked, apparently by shaking
(U.S. Coast and Geodetic Survey, 1934, p. 38). Profiles across Gastineau
Channel from the slopes of the A-J dump show slope configurations that
may indicate subaqueous sliding of blocks marginal to the dump (Robert

D. Miller, 1967). A severe earthquake might result in marginal slumping
and sliding, as well as settlement from compaction, of dump deposits
otherwise stable under quiet conditions,

The large dumps of the A-J mine and smaller dumps of the Treadwell mine
southeast of Douglas are all at or near shoreline. The impact of wave
runup on these deposits would be similar to that discussed under younger
delta deposits (p. 67). A low runup would rise on the slopes of the
dumps but probably would not overtop them. If the rock fragments in the
A-J dumps are in point-to-point contact, these deposits should be highly
permeable, and high pore pressures would be unlikely to develop within
the dump as a result of rapid drawdown of water level as part of violent
oscillations of the channel waters during seiche or tsunami activities.
If the deposit is not relatively permeable, pore pressure w111 increase
as a result of any drawdown.

Field examinations of the slopes of mine dumps showed little evidence of
slumps or slides. If steep cuts are made in dumps, however, raveling
and slumping would probably occur. The mine dumps along the steep moun-
tain slopes are potentially unstable and any disruption of the toes of
these deposits probably will cause slumps and slides.

The large A-J mine dump is used in part as a golf course; the dump by
the mill on the slopes near Juneau has been used as a source of fill.
The mine dump overlying the Snowslide Creek delta is used as a trash and

garbage dump.
Undifferentiated fill (mf)

The composition of undifferentiated fill is highly variable from place

to place. Most highway fills are mixtures of rock, silty sand, gravel,
and soil obtained from nearby cuts and borrow pits; many of these fills
were emplaced years ago. Modern construction practices wherever feasible
now restrict fill to materials that are not susceptible to frost action;

'sandy gravel and other materials having a low silt content are now com-

monly used. In some localities, glaciomarine deposits have been used for
fill because of lack of other types of materials nearby; such an area is
between Fritz Cove and Peterson Creek on Douglas Island. Angular fram-
ments from the A-J dump constitute the most common fill material beneath
much of Juneau, but other readily available materials, including sawdust
in the sawmill area along part of the Juneau waterfront, are also present.
The fill under the airport is mostly fine grained and much of it was
obtained from borrow pits in sandy younger delta deposits (Qdy) adjacent
to the runway.
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Most of the areas of fill are on nearly flat lying or gently sloping
ground. These deposits should have good slope stability and should not
fail by landsliding. The margins of thick fills having steep embankments,
however, may slump or slide owing to overloading that would exceed the
shear strength of the £ill material. An example of poor fill material
with low slope stability is a sawdust fill in the SE%SE% sec. 23, T. 41
S., R. 67 E., along Gastineau Channel. Sawdust accumulated on the tidal
flats over many years of sawmill operation. New earth fill from the

A-J dump was placed at the site of the timber pile-supported sawmill dur-
ing construction of the new freight distribution depot of the Alaska
Steamship.Co. About 4 feet of the sawdust and other debris lying on the
tidal flats was buried by the new fill (Robert Killewich, oral commun.

to J. A. McConaghy, U.S. Geol. Survey, Nov. 15, 1966). Four to six
thousand cubic yards of the new fill at this site slid out on the saw-
dust into 40 feet of water in Gastineau Channel on Oct. 15, 1966 (Daily
Alaskan Empire, Oct. 15, 1966). A severe earthquake would probably cause
fill deposits to shake violently, fracture in places, and slide on steep
slopes or where the embankments of thick fills are unsupported, or where
fill is on weak material.

The largest amount of manmade fill underlies the Juneau airport and
shopping area where it forms a large flat pad. Around Juneau, undiffer-
entiated fill was placed around structures originally built -on piles
driven into intertidal flats, beach deposits, and younger delta deposits.
The original shoreline as determined from older topographic maps and
turn-of-the-century photographs matches the shoreward boundary of the
£ill as shown on the geologic map. The fill extends channelward around
the docks and buildings along Gastineau Channel, and covers the lower part
of the Gold Creek fan and is emplaced over the younger delta. Elsewhere
in the area, only large or very prominent areas of fill are mapped; in-
numerable small fills have been emplaced along roads, streets, and build-
ing pads. Filled areas are generally flat where used for buildings but
form terraces or ramps under roadways.

Thickness of fill varies from place to place. Fills only a few feet
thick emplaced as a pad for construction are not mapped. In some parts
of the fill on the Gold Creek fan delta, where the A-J dump material was
used, the thickness exceeds 25 feet (Franklet and Swedell, 1969).

Physical properties of the fill vary from place to place, depending on
materials used and method of emplacement. The density is variable.

Older fills were placed without compaction, whereas new fill is generally
compacted during placement by use of smooth-wheeled vehicles and sheeps-
foot rollers. Some areas needing fill have been used to dispose of
trees, soil, and muskeg removed from cleared areas. Such practices,
which result in differential densities and strengths of fill, seem to

be confined to small nonprofessional operations by individuals.

In most places, other than areas of coarse angular rocks obtained from
the A-J dump, excavation and drilling in fill is generally very easy.
The coarser materials make drilling difficult because of the looseness
of the individual pieces in the fill.

28

3 +



Coarse fill has excellent infiltration characteristics. Fine fill
generally has poorer infiltration characteristics, and water stands
after rains. Surface runoff is slow over broad areas of nearly level
fill.

Where fill is dominantly coarse material, erosion seems to be slight;
finer grained materials seem subject to sheet wash and gullying where
flow is concentrated. Fill that is subject to lateral scour by streams
is easily eroded unless protected by riprap.

Most areas of fill that were observed during this study seem to provide
stable foundations for light structures if properly compacted. In areas
where glaciomarine deposits are used for fill, stability seems better if
fill is emplaced and compacted with optimum moisture in dry weather.

Response of fill to seismic vibrations (shaking) will vary from place

to place. Studies of damage in areas specifically affected by the 1964
Alaska earthquake revealed that areas of filled ground generally were
more severely affected than were adjacent natural surficial deposits.
Highway fills of coarse-grained sand and gravel were generally more
stable than those composed of fine-grained sand and silt. Fills placed
over fine-grained sediments subsided more than those on coarse-grained
sediments. The fill deposit placed at the southern end of Auke Lake
overlies swampy peaty deposits, and it probably would be deformed and
contorted if a strong earthquake occurred in the Juneau area. Cracks

as wide as one-half inch in the runway at the Juneau airport were reported
to have developed as a result of the 1964 Alaska earthquake (Von Hake and
Cloud, 1966, p. 54). The seismic response of fill underlain by inter-
tidal deposits (Qts) and younger delta deposits (Qdy) will be similar to
that of those deposits (see p. 68, 8l).

Most of the manmade fill deposits are placed at or near water level along
Gastineau Channel and Fritz Cove and adjacent to Auke Lake. If seiche
waves or seismic sea waves affected these areas the fills would be
inundated (see p. 69).

Waste dump (mw)

Three deposits of solid waste and rubbish are shown on the map; (1) the
dump near the mouth of Lemon Creek, (2) the wrecked-auto dump along
Gastineau Channel southeast of Salmon Creek, and (3) the old A-J dump on
the Snowslide Creek delta. A fourth area, the Glory Hole at Treadwell, -
southeast of Douglas, was being considered by local authorities for waste
disposal at the time of mapping. The Lemon Creek deposit is landfill and
has a nearly level surface. The other two areas are surface deposits,
and have a hummocky surface composed of junk. The thickest deposit is

a dump covering most of the Snowslide Creek delta, where as much as 25
feet of trash has accumulated. The other deposits probably are thinner.
Many small waste piles were not mapped.
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Sanitary landfill is formed by the burial beneath soil of loosely com-
pacted waste materials. Surface waste deposits are extremely loose and
voids are abundant between pieces. The deposits consequently have a
low density and are extremely compressible.

Sanitary landfill dumps vary from easy to difficult to excavate with
heavy power equipment. The surface accumulations are easily moved and
excavated by heavy power equipment. Drilling ranges from easy to
difficult because of buried concrete, cars, and logs.

Infiltration is slow to rapid depending on type of earth used for burial;
it is extremely rapid in surface waste piles. Runoff is generally slow
because of the nearly level surface of landfill areas, the loosely com-
pacted nature of the buried deposits, and the jumbled nature of surface
accumulations. Erosion is high if landfill sites are subjected to stream
or concentrated surface runoff.

Waste dumps generally provide very poor foundations. Settlement is ex-
cessive, and differential movement could cause structural damage to
buildings placed on waste dumps. These materials are probably as loosely
compacted as any deposit in the area and would thus be severely affected
by earthquake vibration. The Lemon Creek and Snowslide Creek dumps are
placed over water-saturated fine-grained deltaic deposits. -The expect-
able intense shaking of these underlying deposits will be transferred to
and perhaps amplified within the waste-dump materials. Also to be
expected would be differential settlement caused by shaking.

Loosely compacted waste deposits have very poor slope stability in cuts
and excavations, and dumps placed along bluffs are highly susceptible
to landsliding because of very low shear strength.

Waste dumps can be converted to recreational use after the land is re-
claimed. The low density and uncompacted nature of waste dumps makes
them unsuitable for general construction uses.

Muskeg

Muskegs around Juneau are commonly referred to as slope muskeg, raised
muskeg, and flat muskeg. Slope muskegs result from the accumulation of
vegetative material on sloping land under extremely wet conditions and
develop best where the terrain is low and hilly (Dachnowski-Stokes, 1941,
p. 3-4; Heusser, 1960, p. 47). Sedge marshes are generally the parent
material of the slope muskegs. The valley of Kowee Creek on Douglas
Island contains slope muskegs. Raised muskegs develop under less wet
conditions in a strongly acid environment and the absence of mineral
nutrients so that moss can grow and accumulate as peat (Dachnowski-
Stokes, 1941, p. 4). Convex surfaces are typical. Moisture falls on
the muskeg surface rather than being supplied from the water table or
from streamflow (Heusser, 1960, p. 48). Raised muskegs occur in the
Montana-Windfall Creek area, at Sunny Point, in the flat areas above the
town of Douglas along Lawson and Paris Creeks, and on the flats near



Johnson Creek near the north end of Douglas Island. Small shallow pools
are scattered throughout these muskegs. Flat muskegs are closely re-
lated to slope muskeg but are limited to lowlands, edges of lakes, and
valleys where the stream water is slightly acid and poor in soluble
minerals (Dachnowski-Stokes, 1941, p. 4; Heusser, 1960, p. 49). Their
surfaces are flat to slightly concave.

Peat (Qmk)

Peat and other plant debris in various stages of decay constitute the
muskegs in the Juneau area. These muskegs contain very dark brown

woody, fibrous peat and humus, as well as vegatative layers that contain
pieces of wood. Peat on the edge of ponds or overlying beach deposits is
silty. Plant seeds and pollen spores are locally well preserved. De-
tailed botanical and stratigraphic descriptions of selected peat depos-
its in the Juneau area are reported by Dachnowski-Stokes (1941, p. 24-32),
Rigg (1937, p. 194-195), and Heusser (1960, fig. 24, p. 154). Ages of
the peats in different muskegs vary. The oldest is basal peat from the
divide between Montana Creek and Windfall Creek, which is dated at
10,000*400 years B.P. (Heusser, 1960, p. 97). This deposit is at an
altitude of about 800 feet, as determined from the altimeter in a heli-
copter used in the course of my mapping, and is one of the topographical-
ly highest peat samples dated. Muskegs are scattered throughout most of
the mapped area on top of the glaciomarine and glaciofluvial deposits,
bedrock, and less commonly on younger outwash and other deposits. Peat
in the muskegs is covered by mosses, tussocks of sedges, and scattered
growths of scrubby timber. Beds of peaty material less than 5 feet thick
generally are not mapped, especially where muskegs overlie most older
raised beach deposits, thin and continuous (Qbe} on Douglas Island and the |
mainland. The muskeg tends to form rather flat to slightly domed surfaces.

The deepest muskegs contain more than 10 feet of peat and are those
domed or raised muskegs on the Montana Creek-Windfall Creek divide, at
Sunny Point, in the Lena Beach area, in the flat areas above the town of
Douglas, especially along Lawson and Paris Creeks, in the broad muskeg
area near Johnson Creek near the northern end of Douglas Island, and in
the muskeg area near the north end of Auke Lake. Muskegs generally less
than 6 feet deep occur in mountain valleys, such as the Kowee Creek val-
ley on Douglas Island. These peat deposits generally are mapped wherever
they are extensive, regardless of their thickness. Peat on the wide
flats on the east side of Douglas Island is generally 2-3 feet thick and
overlies thin sandy gravelly beach deposits; these areas of shallow mus-
keg are not mapped because portrayal of the underlying geologic units
there is more important for construction and planning.

No physical-property tests were made of peat as part of this study.

Field observations indicate that almost everywhere it is saturated, soft,
spongy, and subject to high compaction under loads. Field and laboratory
tests made by the Alaska Highway Department, as part of a materials in-
vestigation in the Mendenhall valley, showed that undisturbed peat in

the muskeg on the northern side of Auke Lake contained more than 500
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percent moisture (expressed as a percentage of the dry weight) (Ray D.
Miller, District Materials Engineer, Juneau District, Alaska State High-
way Dept., written commun., 1964). The dry weight of this peat was

11.5 1bs per cu ft and the wet weight was 60.7 1lbs per cu ft. Such a
high water content permits a high degree of compaction and flowage of
the peat under loads. Peat is commonly removed and the excavation back-
filled with gravel so as to avoid frost heaving.

Peat can easily be excavated with hand or power equipment. Deep excava-
tions tend to have wet floors and water seeps from the walls. Where
earthmovers have moved over muskeg areas repeatedly, the bearing strength
of the peat diminishes and a muskeg-quagmire can result. Thin deposits
of peat can be removed by tractor-drawn scrapers and earthmovers or by
dozers; thicker deposits require backhoe or dragline. Peat is easily
drilled but support is required for the drill rig and the drill hole
requires casing.

Muskegs are generally wet, except during periods of prolonged drought
when the water table is lowered. When the peat is wet, infiltration
through it is slow and standing water is common; seeps are generally
found at the contact with the underlying deposits. Surface runoff is
slow because of the nearly flat or very gently sloping surface. When

the peat is dry, infiltration into it is more rapid, but quick saturation
of the upper part of the peaty material slows further infiltration. Al-
though the small streams that cross some muskegs are slightly incised,
lateral drainage through the upper part of the peaty material is slow and
the muskeg area remains wet.

Peat has little bearing strength, especially when saturated. Differen-
tial compaction could cause structures built on platforms on thick muskeg
to settle unevenly. In areas of thin peat deposits, excavation and back-
filling with more stable material are advisable; caisson or pile footings
should.be used. Road constructors generally use excavation and backfill-
ing methods in muskeg areas; but in areas where muskeg is over 10 feet
deep and the peat is not excavated, gravel blankets 4-5 feet thick are
placed over the muskeg to avoid roadbed problems (Munson, 1964, p. 5-6).

Each muskeg and its organic content should be evaluated individually as
to its probable behavior during an earthquake because of the many types
of underlying deposits, each of which has a different seismic response
that would be transmitted to the muskeg. The response of a muskeg area
to a severe earthquake commonly would be intense because it is loose,
porous, and generally saturated. Seismic shaking generally is much more
intense in loose sediments than in bedrock, and it lasts longer in un-
consolidated wet materials than in unconsolidated dry sediments. Peat
deposits underlain by unconsolidated materials, such as outwash, are
more susceptible to vibration than peat underlain by bedrock. Road em-
bankments and other fill material placed on thick peat probably would
crack in response to vibration, as would peat reclaimed by draining the
muskeg areas (Hansen, 1965, p. A27). Dense materials tend to subside
into less dense underlying sediments when shaken (Kachadoorian, 1968,



p. C19). Highway fill placed-over muskeg thus could be expected to
fracture, compact differentially, flow laterally, and bulge upward around
the edges of the fill material as a result of prolonged shaking during
earthquakes. If frozen, muskeg over unconsolidated deposits that were
saturated but not frozen would act as a coherent and competent layer, a
condition found to be typical of fractured ground during the 1964 earth-
quake (Coulter and Migliaccio, 1966, p. C23). The muskeg would then be
more likely to fracture and eject water and sediment as spouts or boils
(Lemke, 1967).

Peat deposits generally are sufficiently above sea and lake levels to be
out of danger of tsunamis or seiches. If a tsunami or seiche invaded
Gastineau Channel, a low runup on shore could inundate the margin of the
muskeg flat on Douglas Island opposite Sunny Point.

Peat stands in nearly vertical cuts when freshly excavated, even when
wet. Water drips and seeps down cut faces in saturated peat; larger
seeps are common at the base of muskeg in a cut, and highly decomposed
peat layers slump or flow in time. Drier fibrous peat will stand in-
definitely in vertical cuts. Peat deposits tend to be undercut by wave
or current erosion of underlying unconsolidated materials, and in such
cases fall as blocks. Peat does not as a rule slide of its own accord,
because the fibrous material generally holds the deposit together.

Sphagnum moss is generally the peat commercially preferred as a humus-
forming product, although sedge peats also are used. Fibrous and sedge
peats consist of underground stems of grasslike plants and have horizon-
tal lamination, whereas those derived from sphagnum moss are character-
ized by small columnar lumps and vertical aggregates and are preferred
for use as stable bedding or for packing and shipping small plants
(Dachnowski-Stokes, 1941, p. 7). Slope muskegs do not develop a contin-
uous cover of sphagnum moss, but instead are composed of sedges, heaths,
and patches of sphagnum moss. Raised muskegs generally have sedge in
the lower part and layers of sphagnum moss at the top, locally separated
by wood (Dachnowski-Stokes, 1941, p. 26-27); the sphagnum moss is con-
sidered by Dachnowski-Stokes (1941, p. 30-31) to be well suited for com-
mercial use. He evaluates the Montana Creek muskeg deposit as exceeding
in extent and amount the moss peat available at either the Sunny Point
muskeg or the Lena Beach muskeg. Flat muskegs generally have little
commercial use.

Mass-wasting deposits

Mass-wasting deposits, as mapped in the area of this study, include
colluvium (Qc), talus (Qta), debris-flow deposits (Qf1), rockslide-ava-
lanche deposits (Qra), undifferentiated landslides (Qsl), and colluvial(?)
diamicton (Qud). While some of these deposits are contemporaneous in age,
in total they span the time interval from very recent to prehistoric,

and probably extend back as far as early Holocene or late Pleistocene
times. As used in this study, mass-wasting deposits include deposits
some authors would separate into materials originating from mass move-
ment and mass transport, as well as from mass-wasting (Fairbridge, 1968
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p. 688-700). In each of the above-mentioned geologic deposits gravity
plays an important part in the accumulation of materials into mappable
deposits. Water, snow, and possibly air also were involved in the
transport of some or all of these deposits to a greater or lesser degree.

Weathering weakens the materials exposed at the surface of the earth,
thereby allowing these materials to be more susceptible to gravitational
influence resulting in downslope movement. Colluvium (Qc), rockslide-
avalanche deposits (Qra), undifferentiated landslides (Qsl), and collu-
vial(?) diamicton (Qud) are most strongly influenced solely by gravity.
Talus (Qta) and debris-flow deposits (Qfl) represent deposits that are
influenced also in part by water and(or) snow.) All of these deposits
represent accumulations of geologic materials after transport.

Transport can be slow or fast, the materials dry or wet, the areas in-
volved large or small, and the movement can be represented by creep,
slide, flow, or fall. Colluvium (Qc) in the Juneau area represents slow
transport of weathered or unconsolidated materials to the lower parts of
slopes by gravity, supplemented by moisture in the form of water, snow,
or ice resulting in some movement by slope or sheet wash, and soil creep.
Talus (Qta) here includes rockfall talus (individual pieces that fall,
bounce, and roll to the bottom of slopes), alluvial talus (particles of
all sizes transported by water; the talus accumulates generally as a
result of heavy rains and melting snow and commonly displays narrow flow
channels, natural levees, and gouged channels through brushy vegetation),
and avalanche talus (generally as a result of snow avalanches in the
Juneau area). Debris-flow deposits (Qf1) for the most part represent
water-saturated loose residual materials that moved rapidly from steep
slopes. Rockslide-avalanche deposits (Qra) generally represent extreme-
ly rapid downslope transport from steep bedrock cliffs. Joint sets seem
to be important in the weakening and ultimate release of masses of bed-
rock; stress release may be the dominant factor in the rockslide avalanches.
The large mass of rock slowly slides downward along dipping joint planes
as a unit, but breaks into large and small fragments as the mass acceler-
ates down the steep mountain slope. Slopes as steep as 70° are common

at the source of these rockslide avalanches. Undifferentiated landslides
(Qs1) are generally believed to be of a rapidly moving but basically dry
type. They are formed by the downward and outward movement of slope-
forming materials composed of natural rock, soils, manmade fills, or com-
binations of these materials (Varnes, 1958, p. 20). Colluvial(?) diamic-
ton (Qud) is the mass-wasting deposit least understood by me. The origin
of these deposits is problematical, but I believe that most of them were
formed by colluvial processes, including creeping, flowing, and sliding.

Colluvium (Qc)

The composition of colluvium varies from place to place. The areas
mapped as colluvium include talus and waterborne slope-wash deposits
that are too small to show separately at the scale of the map, as well
as soil and rock fragments. The bedrock that underlies the slopes pro-
vides most of the larger fragments in colluvium, and soil and glacial
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or glaciomarine surficial deposits mixed with the pieces of bedrock make
up the colluvium on the lower mountain slopes in the Juneau area. In
general, greenstone and mica-rich greenschist are the most common bed-
rock types in the deposits along Gastineau Channel on the mainland. At
the northern end of Douglas Island, colluvium contains fragments of green-
stone, slate, and volcanic flow breccia. Of particular interest is the
colluvium covering the slopes in the vicinity of Nelson Street in Juneau.
The matrix of the deposit here is rich in mica, much of it weathered to
clay, which was derived from a greenschist that forms the westward face
of the ridge between Mount Roberts and Mount Maria. An exposure along
the Glacier Highway across from the Childrens' Home reveals greenschist
fragments accumulated over a peaty humus layer. Age is Holocene.

The areal extent of colluvium is largely arbitrary as mapped. Only siz-
able deposits of colluvium are mapped; smaller deposits exist but are
not mappable at the scale of the map. Much of the delineation of collu-
vium was done by interpretation of aerial photographs. Slopes underlain
by colluvium are generally steep at the top and curve and become flatter
downward. Deposits were mapped on the slopes to an arbitrary height
where the bedrock appeared to be free of surficial cover. The thickness
of colluvium is highly variable and is more than 15 feet in some places.
Deposits on steep slopes are thinner.

Large rock fragments in colluvium lie near the angle of repose on steep
slopes, with the flat sides of the fragments parallel to each other;
spaces between fragments may be filled with-clayey or humic matter, or
by smaller pieces of rock. On lower, more gentle slopes the colluvium
contains a greater amount of fine-grained matrix; much of this fine
material has been altered to a clayey mixture of humus and silt and sand.
This kind of colluvium overlies the mica-rich greenschist on hillsides
south of Mendenhall valley.

The looseness of most colluvium permits rapid infiltration of water. In
some places where bedrock or other impermeable layers underlie thin col-
luvium, springs and seeps appear, especially in road cuts. Runoff is
rapid on upper slopes, but becomes much slower on the lower slopes.
Erosion in colluvium is rapid where water flows down slopes free of vege-
tation. The fine-grained colluvium derived from greenschist is especially
susceptible to such erosion.

Colluvium is a poor foundation material; it tends to creep downslope

even on the more gentle lower mountain slopes. The high rainfall in the
Juneau area lubricates the platey fragments in colluvium, and light struc-
tures founded on such material move out of plumb over a period of time.
Thin colluvium should be removed and buildings placed on firmer under-
lying materials. '

Colluvium is generally unstable even under earthquake-free conditions
because of the steep slopes on which it occurs and because of the platy
nature of the fragments in the deposit. Creep, a very slow downward
movement shown by tree trunks bent downslope, is the norm rather than




the exception. Weathered mica plates in colluvium on the hillsides

south of Mendenhall valley are stacked as a deck of cards and have a
tendency to slide over each other. Heavy rainfall can cause slumps and
rapidly moving slides and debris flows in colluvium. Colluvium on slopes
steeper than 37  is in danger of sliding when the cohesiveness of the
material is destroyed or disrupted, whatever the cause (Swanston, 1970,
p. 14). Excavations in colluvium create potentially unstable conditiors
upslope and result in raveling, washing, or sliding.

Strong earthquake vibrations will increase the gravitational effects on
the colluvial deposits, could cause some displacement downslope, and
might even cause quick-moving landslides. The debris flows on Mount
Roberts originated in part in colluvium that became extremely saturated
and that lost internal cohesion. Consequently, colluvium on steep slopes
would be very susceptible to earthquake-induced sliding, especially if
the earthquake occurred during or after periods of prolonged heavy rains.

Danger from isolated rockfalls is high along slopes covered by colluvium.
Numerous large angular rock fragments lying within the trees bear testi-
mony to the susceptibility to rocks falling from the higher slopes. See
the discussion under debris flow (Qf1) and bedrock (b).

Talus (Qta)

Rock fragments in taluses are locally derived and consist of micaceous
greenschist, greenstone, slate, and metavolcanics that range in size
from 1/4 inch where derived from slate or schistose rocks to 10 feet
where derived from harder blocky rocks. All of the taluses are of Holo-
cene age, and most taluses are still accumulating debris today. Some
taluses, however, are inactive. Such taluses are generally covered with
trees 60-150 years old. These taluses are not completely stabilized,
however, as indicated by some trunks as large as 40 inches in diameter
that are bent upslope as the tree attempts to maintain a vertical trumk.
Being relatively inactive, these deposits are not receiving present-day
accumulations of rock fragments by any of the talus processes described
earlier (p. 34). Such inactive taluses are shown on the geologic map
by a diagonally lined overprint.

An area of inactive talus is well exposed in an excavation for a home in
the NE%SW; sec. 15, T. 41 S., R. 67 E., and along the Glacier Highway
northwest from Norway Point. This area is currently stable, but several
layers of platy greenschist-rich talus between at least two peat and
woody beds suggest recurrent cycles of talus accumulations. The ground
there is generally wet, and springs seep on the slope. The peaty beds
are as thick as 2 feet but contain greenschist fragments in layers 2
inches thick. The old age of this talus is indicated by the large
40-inch-diameter trees growing on the deposit, as well as the interlayer-
ing of talus and peaty beds, which suggest depositional conditions that
no longer exist.



There are many taluses at the base of steep slopes in the mapped area.
Taluses elsewhere in the area are fewer and less conspicuous. Some
large taluses have coalesced along the steep slopes to form continuous
aprons that cover broad areas of mountainside. Smaller taluses are re-
stricted to narrow troughlike or ribbonlike deposits on forested slopes.
Taluses range in thickness from a few feet in the upslope part of the
deposit to probably more than 10 feet at the base. Exposures along Gold
Creek and Gastineau Channel reveal thicknesses of 8-10 feet. -

The taluses along part of Gold Creek and south from Juneau along Gasti-
neau Channel are mica rich, and rock fragments lie with flat surfaces
parallel with each other. Some deposits have interlocking blocky pieces,
but open spaces are abundant between larger fragments in nearly all
taluses.

Rock fragments fall or roll from cliffs and steep slopes to the base of
slopes where they generally lie at the angle of repose. Source areas
for some of the taluses are shown on the geologic map by a scarp symbol.
Arrows shown below some of the scarps indicate known or anticipated paths
of falling rock fragments. The rocks generally are released unexpectedly
from high on the slopes, so the rock fragments can have an extremely high
velocity that carries some of them beyond the mapped extent of the depos-
it. Taluses are mapped above undifferentiated landslide deposits (Qls)
in some places where the rocks continue to ravel from bedrock faces even
though most of the original debris moved as a landslide. Taluses com-
posed of small fragments can be easily excavated and generally drilled
without trouble. The deposits having coarser fragments would be moder-
ately difficult or difficult to excavate with power equipment and diffi-
cult to drill because of the large loose pieces.

The coarseness and hardness of rock fragments generally makes taluses
only slightly susceptible to erosion in the portions low on the slopes.
Taluses that have a fine-grained matrix, such as those along the slopes
of Mount Roberts south of downtown Juneau, are more susceptible to ero-
sion from heavy rainfall and are gullied. Creep is common; slopes formed
by excavations ravel and slide. Excavations in active or inactive taluses
generally will exceed the natural angle of repose of the material, reduce
the stability, and may cause slides.

Taluses are unsuitable locations for structures because they are unstable
and because blocks of rock still fall on most of them from time to time.
In case of a strong earthquake rock fragments on slopes above taluses
probably would be dislodged and would roll and bound down the steep moun-
tainside. The talus itself is unstable, and shaking during earthquakes
elsewhere has caused taluses to move downslope. Roads at the lower mar-
gins of talus could be blocked by slides of talus. Structures such as
water troughs, built across taluses, probably would be damaged. The
water flowing from such a broken trough would saturate the material

below and probably cause a debris slide or debris flow.



Debris-flow deposits (Qf1)

Debris-flow deposits, as mapped in the Juneau area, include deposits of
debris flows or debris avalanches, one debris slide, and one sand flow,
and all consist of materials of various size gradations that moved rapid-
ly under wet conditions (Varnes, 1958). Four of the five mapped debris
flows along the slopes of Mount Roberts are dark gray and consist of
locally derived tabular greenschist fragments mixed with a few rounded
boulders of granitic rock in a matrix of finer material. The other
mapped debris flow was derived largely from colluvium and soil and added
debris from houses, retaining walls, and other structures. The debris
slide, located in the Salmon Creek valley, consists of shell-rich dia-
micton. The sand flow, located along lower Salmon Creek, is entirely
brownish-gray sand and sandy gravel. The age of all these deposits is
Holocene, and all the debris flows but one occurred during historic
time.

The debris-flow deposits along the slopes of Mount Roberts near First
Street in southeast Juneau and along Gastineau Avenue and Franklin

Street include at least four flows. One of the four deposits mapped in-
cludes two flows that occurred 32 years apart. The deposits form narrow
bands of rubble that have a bulbous to fan-shaped lower terminus where
not modified by construction. The flows extend down the 35 45" slope

of Mount Roberts in narrow gullies or tree-cleared flow tracks. At their
heads some of the gullies bifurcate near the sloping ridge top, 1,000-
1,500 feet above Gastineau Channel. The debris-flow deposits form ridges
in the lower part that are distinctly different from the generally smooth
steep slopes of the mountainside. These deposits vary in thickness, but
range from 5 to at least 20 feet.

The debris slide is along the southern side of Salmon Creek valley and
extends from below the flume to creek level. The path of the debris
slide is floored by smooth bedrock. Large isolated masses that moved

as units remain in the upper part of the trough, but saturated material
formed a hummocky lobe at the base. The thickness of this flow is about
10-12 feet. The sand flow is near the mouth of Salmon Creek along an old
road alinement and at the northern end of an old bridge. The present
slope is near the angle of repose, 30 -35, but seems to be stable now
and is covered by shrubbery. Thickness of the flow is unknown.

Density of the debris-flow deposits along Mount Roberts probably is
greater than that of the materials from which the flows were derived.
The relatively undisturbed source materials--colluvium, broken rock, and
soil--generally contain numerous voids. After water drains from a debris
flow, the deposit becomes stabilized, compacts, and is firmer and less
porous than the undisturbed materials. The sand in the flow along lower
Salmon Creek, however, probably is about as loose as the undisturbed
sand in the bluff. The material in the debris slide in Salmon Creek
came from a glaciomarine deposit that is firm and hard when dry, but
which flows easily when wet. As it dries the material seems to become
as firm as the original deposit.
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All the debris flows recognized in the Juneau area occurred after sudden
or unusual amounts of water were added to the material forming the steep
slopes. Those along Mount Roberts moved after being subjected to pro-
longed and intensive rainfall. A debris flow on Sept. 28, 1918, followed
7.45 inches of rain in 3 days, and the flow on Jan.22, 1920, followed
6.30 inches of rain in 3 days. A catastrophic debris flow on Nov. 22,
1936, that caused 14 deaths followed 3.85 inches of rain in 24 hours,

and followed a period of heavy rains that amounted to 18 inches in Octo-
ber and provided an additional 25 inches through November. A debris

flow on Oct. 31, 1949, followed 2,55 inches of rain within 24 hours, and
one in late October 1952 followed a prolonged period of rain during which
time only five of 77 days had no precipitation (U.S. Weather Bur., 1918-
58).

The slopes of Mount Roberts are covered by broken rock, colluvium (which
here is a mixture of rock fragments and weathered and loosened debris
frgm past glaciations), and soil. The lower glopes are mostly between
35" and 457, the upper slopes are commonly 50 or steeper, and gravity
normally causes colluvium on such steep slopes to move slowly downslope.
In addition, the joints in the slaty shistose rocks form planes of weak-
ness that dip steeply outward from the mountain and provide loose pieces
of rock. Saturation of such materials results in sudden movements as
debris flows. :

The 1968 debris slide in the Salmon Creek valley probably resulted from
water escaping from a flume that crosses a ravine at the head of the
debris slide. ghe glaciomarine diamicton there became saturated and
moved down a 28" bedrock slope to creek level.

The rains on Nov. 22, 1936, also caused the sand flow downstream from
the bedrock gorge near the mouth of Salmon Creek. Two sand flows came
down in about the same area, but the second filled and blocked the chan-
nel of Salmon Creek so that the water swept around the bridge and over
the road. The bridge was swept away during the night of Nov. 23 (The
Daily Alaska Empire, Nov. 23 and 24, 1936).

The debris flow along Gold Creek and in Evergreen Bowl apparently occur-
red before Juneau was settled; this assumption is based on the presence
of mature trees interspersed with decaying logs on the deposit. The
debris flow seems to have been derived from the material brought down
from Mount Juneau as part of the rockslide avalanche.

The debris-flow deposits have a high affinity for water. They would be
extremely unstable in the event of strong seismic shaking in the Juneau
area while the deposits were saturated. The upper parts of the flow
deposits probably would move downslope and conceivably could override or
even extend beyond the lower parts of the deposits. In addition, loose
surficial deposits high on the slope would be shaken loose if the vibra-
tions were of long duration, causing new flows or slides to move down
the tracks of previous debris flows. The area adjacent to South Frank-
lin and Gastineau Avenues in Juneau probably is especially susceptible



to earthquake-induced flows. If the deposits were dry at the time of an
earthquake, there probably would be some shifting and differential com-
paction, and possibly some movement downslope. The sand deposit along
Salmon Creek is particularly susceptible to dry flowage from shaking.

The recurrence of debris flows along the lower slopes of Mount Roberts
suggests that upslope conditions favor the occurrence of similar flows
in the future. In an effort to better understand the slope conditionms,
especially the stability, along the mountainside, I made a traverse
downward from about 1,000 feet above Gastineau Avenue. The mountainside,
P +] .
which is commonly as steep as 50 by measurement, also includes small
cliffs that required rapelling in order to descend safely. Even the
tree-covered portions of the upper 400 feet of the slope were so steep
that ropes were used for safety.

In addition to the steepness of the mountainside, two geologic factors
contribute significantly to the high slope instability. These are the
type of rock and the fractures related to weak zones in the rock. Soft
platy mica-rich greenschist underlies most of the upper part of the
mountainside. This rock disintegrates when weathered, and the small
flat mica flakes accumulate with windblown silt to form a thin loose
cover on the bedrock. Pieces of broken rock, from 6 inches to 5 or 6
feet in length, lie precariously on the steep slopes in the.mixture of
mica flakes, smaller rock pieces, and silt. The foliation or layering
of the ig-place soft rock dips generally away from Gastineau Channel at
about 47, but in the nearly vertical faces of the small cliffs the
layers are bent outward and in places actually dip about 10~ toward the
channel (fig. 6). Where the layers are bent, they part and the rock
becomes extremely susceptible to weathering and dislodgment.

Fractures consisting of joints or sets of joints also weaken the rock
and reduce slope stability. I hypothesize that the fractures in this
slope may be the result of continuing release of stress confined in the
rock. The absence of confining pressure in the direction of Gastineau
Channel may allow the rock to expand about parallel to the existing
slope and open cracks along planes of weakness in the rock. If the
stress-release concept applies to this slope, the cracks may continue to
enlarge and new ones develop over the years as the stress is slowly
released.

The joint fractures intersect the layering of the rock to form a criss-
cross set of cracks. Three joint sets seem to be dominant in the area
above Gastineau Avenue. One joint set ssrikes N. 80° W. and has a nearly
vertical dip. Another set strikes N. 85 E. and dips 80" northward;

the last of these dominant joint sets strikes N. 35 W., almost parallel
to the mountainside, and dips southwestward at 75 . Some of the pieces
of rock between these numerous intersecting fractures are loose, and
others will loosen with time. Moisture moving along the open cracks
between rock fragments helps weaken the rock, and trees send roots into
the cracks and thereby tend to accelerate the separation of the rock
fragments. Figure 6 shows also the relationship of some of the joints
to the foliation or layering and the characteristic pattern that results
from the intersecting fractures.
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Figure 6.--Sketch showing relationships of foliation and lavering and joint
sets to each other in the mountain slope above the Gastineau Avenue-
Franklin Street area, Juneau, Alaska. The numerous fractures shown
tend to weaken the bedrock slope and to provide access routes tor
ground water and roots. Tree roots can push the rock pieces apart and
increase the instability of the mountainside.
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Troughs 10-20 feet deep and 15-30 feet wide originate near the ridge
above the Gastineau Avenue-Franklin Street area. Several of these
troughs merge and extend down the fall-line to the base of the mountain.
These troughs mark areas where the earth materials of the mountainside -
have slid or flowed downslope toward Juneau. Fractures along sets of -

joints seemingly control development of these troughs, and the walls:. S

are generally joint surfaces. Intensely cracked and broken rocks prod“i

ject from the walls; similar pieces have fallen and have accumulated onf;;vfﬁ
the bedrock floors of the troughs. Numerous large blocks of rock lie im i .7
a rubbly mixture of smaller rock fragments, silt, soil, and fallen trees.. - . =

Most of this debris lies at angles steeper than the angle of repose, and
consequently the rubble is very unstable. Pieces of tree trumnks, limbs,

and roots apparently act ‘to restrain the mass from moving downslope. ... . L

This debris is so loose, and lying on such steep slopes, that my

assistant and I avoided walking on it for fear of starting rockslldes. o

On the lower part of the mountainside, the troughs are partially f111q¢.7ﬁ"

with the uppermost portions of debris flows that moved down into the

residential area below. Along Gastineau Avenue, ridges mark the histor- _
ical debris flows; between these ridges are older tree-covered prehis-

toric transported material, here mapped as undifferentiated landslide“
deposits (Qsl), indicating that slides and flows have occurred over a-
long period of time.

It is difficult to predict whether future flows will move exclusively ..
along the paths established by earlier flows. Tracks of previous flows,
as marked by the troughs, would help concentrate heavy rainfall, How-
ever, to my knowledge, only the 1952 flow followed a path established

by an earlier flow, in this case one that occurred in 1920. All other -
flows apparently originated in material that apparently had not
previously failed by debris flowage.

It is even more difficult to predict specifically when the flows will °
occur. Heavy prolonged rainfall preceded each of the known debris flows.
The fall of the year is the most common season for the flows to move..
The recorded amount of rainfall for different occurrences of debris
flows, however, ranged from about 2% inches in 24 hours, near the end of
almost 2 months of continuous rainfall, to 7% inches of rain in 3 days.
Swanston (1970, p. 14) studied the mechanics of debris flows in shallow
permeable till soils in Maybeso. Creek valley on Prince of Wales Island,.
southeast of the Juneau area. He considered a slope angle of 37 to be
critical and that materials in slopes steeper than that are in imminent
danger of sliding when the cohesiveness of the soil is destroyed or
disrupted. I consider slope stability of the thin colluvial material
over the bedrock to be of special concern, and a careful evaluation
should be made of the possible effect construction might have on the
stability of the slope-covering deposits, especially in the areas
between the tracks of known flows.

As the above discussion brings out, the mountainside above the Gastineau

Avenue-Franklin Street area seems to exist under geologic and topographic
conditions that, in time, reduce the cohesiveness of the soil or rock,
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and that result in the accumulation of loose rubble on extremely steep
slopes. Specific triggering actions that cause debris flows remain
unknown. Physical and environmental conditions do change with time,
however. Periodic heavy rains permeate the rubble, and the moisture
content may reach the point of extreme saturation where the rubble will
flow of its own weight. Trees grow on the mountainside, but eventually
die. Though the roots of a growing tree can push rock slabs apart and
~cause pieces to fall, many roots bind large slabs of bedrock and help
stabilize the slope. Death and decay of such a tree removes any strength
from intertwined roots and reduces slope stability. Wind that commonly
accompanies heavy autumn rains may be an important triggering action.
Slabs of rock as large as 10 feet long were seen held in place by fine-
grained mixtures of weathered rock, silt, and humus filling cracks.
These massive rocks also act as walls to restrain loose material lying
upslope. If a tree growing from a crack is blown down during a.heavy

~ windstorm, it seems conceivable to me that the rock slab might be dis-
lodged and fall, thereby allowing the loose material to move down the
mountainside. Some of the slabs would fall free as much as 50 feet
before landing on the accumulation of saturated rubble. The weight and
striking force of a large falling rock could start the debris flowing
downslope.

The brief examination of the mountainside above south Juneau reinforces
my belief that detailed examination of the slope should be a prerequi-
site before any major urban changes are made in the Gastineau Avenue-
Franklin Street area. Excavations for low-grade fill material will
reduce the stability of the upslope material. The high affinity of the
deposits for water makes any such fill material susceptible to slumping
with saturation. No practical use is known for the debris-flow deposits,
especially where on the lower slopes of the mountain. Open green space
probably is the best use for the debris-flow deposits, because of the
possibility that future flows may move down the same routes.

Rockslide-avalanche deposits (Qra)

As used in this report, a rockslide-avalanche is a rock avalanche that
either falls a short distance and then avalanches downslope, or starts
as a slide and becomes an avalanche. The rock that falls may start as
one block, or several, but repeated impact generally causes it to dis-
integrate as it moves downslope. It quickly becomes a mass of sliding,
rolling, and bounding rock debris. Rockslide-avalanche deposits consist
of jumbled rock fragments of many sizes. Some are as large as 30 feet
across,but 5- to 8-foot sizes are most common. Each avalanche deposit
is principally of one rock type; the deposit on Douglas Island is com-
posed mostly of blocks of a greenish metamorphosed porphyritic dike
rock; the surface part of the greenish rock weathers to a reddish-brown
rind about % inch thick that is coated by a light-brown layer. The
deposits on the mainland were derived from greenstone or greenschist.
All of the rockslide-avalanche deposits apparently are of Holocene age.

There are five rockslide-avalanche deposits in the vicinity of Juneau.
One is on the outskirts of Juneau; the rockslide-avalanche started on
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the side of Mount Juneau, where a large scar can be seen, crossed the

Gold Creek valley, and rose more than 180 feet on the opposite slope

where the deposit now partly covers a bedrock ridge that .connects Mount
Maria to Mount Roberts. Spencer (1906, p. 83) recognized the large de- ... -
posit in Gold Creek valley as an anciént slide or avalanche that dammed =~
Gold Creek. This deposit in Gold Creek valley is at least 38 feet thick:—: -
and is so massive and the fragments so large that to the casual observer -~
the debris looks like knobs of bedrock surrounded by surficial material.
High on the bedrock ridge large scattered blocks form a deposit about -
300 feet wide. The absence of a continuous cover of debris leads me to
conclude that these very large pieces bounded up the slope as a result -

of energy provided from falling, rather than from being carried on an

air cushion. A distinct and abrupt margin is typical of the deposit.

The leading edge of the avalanche projected off the Mount Maria-Mount
Roberts ridge and continued down to the site of Juneau. Isolated angu-

lar fragments 2 feet or more in largest dimension provide evidence that

the avalanche reached at least as far as the upper part of 6th Street.
Building and grading over the years probably removed or buried most of

the fragments.

This massive rockslide-avalanche blocked Gold Creek completely and formed
a lake (Spencer, 1906, p. 84). The avalanche deposit extends about 38
feet above the concrete flume at the lower end of Last Chance Basin.
Terrain on the south side of Gold Creek consists of ridges and elongate
channels in the valley and large boulders covering the slope of Mount
Maria. The ridges and channels are interpreted as being caused by
erosion as Gold Creek overflowed the avalanche dam. '

The debris flow deposit along Gold Creek near and in Evergreen Bowl is
interpreted as being the result of breakthrough of the avalanche dam and
rapid drainage of the lake behind the dam causing a debris flow. Large
8-foot boulders in the debris-flow material are not greenschist, but are
fine-grained rock similar to that found in the avalanche deposit along
Gold Creek and on the ridge between Mount Maria and Mount Roberts.

Joint fractures on the slopes of Mount Juneau apparently weakened the
rock and provided the proper circumstances for a massive rockslide-
avalanche. Examination on the ridge just below the top of Mount Juneau
did not show any zones of mineralization that might have weakened the
rock. Instead, the rock is hard and firm but fractured along well-
defined joint sets. The joints that apparentlyoare most related to the
rocksside avalanche are those that strike N. 65o W. and dip 83o NE, strike
N. 85  W. and dip 75 S., and that strike N. 50  E. and dip 75 SE.
These joints are either parallel to the face of the avalanche scar on -
the mountain, or intersect each other or the foliation to provide frac-
turing of the rock underlying the slope. The cause of such rockslides
may be weathering along these fractures over long periods of time, or
may be continued expansion of the fractures as a result of possible
stress release active since deglaciation of the Juneau area. One trig-
ger may have been a strong earthquake in prehistoric time that involved
what is now the Juneau area.



The specific age of this rockslide-avalanche is unknown. Trees 15-20
inches in diameter that are growing on rotting trunks are about 60 years
old, Larger diameter stumps, in various stages of decay, also are on

the avalanche deposit. Photographs of Juneau taken near the turn of the
century suggest that the ridge between Mount Maria and Mount Roberts was
probably logged about 60 years ago, thus accounting for the relatively
young trees growing on the avalanche deposit., Some of the older tree
trunks are in advanced stages of decay. Assuming that at least 150 or

200 years are required in the Juneau area for decay, a very rough estimate
for the rockslide-avalanche is about 200-250 years.

A large and impressive rockslide-avalanche temporarily dammed Lemon Creek
in prehistoric time. This slide had its source on the southeastern flank
of Heintzleman Ridge. A jumbled mass of rock fragments, some as large as
50 feet in length, lies on the northern end of a bedrock ridge and extends
southward to fill part of the valley behind the ridge. Canyon Creek was
also blocked, and a temporary lake probably filled part of the valley
upstream from the avalanche; however, no deposits were located that

might represent the remnants of such a lake. Rock spines stand promi-
nently at the south edge of the avalanche deposit, and they form con=
spicuous landforms when viewed from the Lemon Creek trail where it
traverses a bedrock ridge. The foliation in the spines matches that of
the bedrock in the ridge west of the avalanche deposit. Consequently,
these spines are really bedrock in place and apparently reflect erosion
along foliation and joint fractures by waters that overflowed from the
dammed lake. The strikes of the large fragments in the avalanche mass,
however, vary and includes N. 50° W,, N. 40° E., and N, 45° W,, and the
dips also are variable and in both eastward and westward directions. The
age of this rockslide-avalanche deposit is not known, but seemingly
mature trees cover the surface of the debris; thus it is at least

several hundred years old.

An equally impressive rockslide-avalanche deposit lies on the northwest
side of Salmon.Creek, near the junction of the trail and foot bridge

over the creek, where blocks of rock 5-6 feet across cover the surface,
Spaces between the blocks are generally open but some contain fine sand

and silt, The terminus of the deposit extends along Salmon Creek for

about 2,000 feet., The avalanche extended into the creekbed downstream
from the foot bridge but has been largely removed by the stream. The
deposit apparently came from a scarred area on the lower slope of Blackerby
Ridge. Mature trees cover the slide debris.

The avalanche deposit near the airport is relatively small but extends

as far downslope as the Glacier Highway. The source area is a nearly".
vertical 400-foot bedrock cliff above a bench that is 70 feet above the
road. The material in this deposit probably fell free from the face of
the cliff and became a rockfall-avalanche., Large angular fragments as:
large as 30 feet across rest on the bench. A lobe of the deposit which =
contains fragments as large as 10 feet can be seen at the edge of the
road, Mature trees also cover this deposit. :
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On Douglas Island, a large rockslide-avalanche deposit extends 2,500 feet
outward from a scar on Mount Anderson and ends on a flattish bench. A
series of lobate ridges confines swamps and small ponds within the ava-
lanche deposit. Blocks of moss-covered rock as large as 10 feet form
grotesque shapes in the dim light of the dense forest. The avalanche
deposit ends abruptly with distinct edges. The roots of a partially
decayed tree found on this deposit were entwined around the avalanche
fragments; growth and decay of the tree probably represents several
hundred years. The oldest living tree found in the same area of the
avalanche deposit, however, is only about 60 years old. Attempts to
find long-time residents who mlght remember the rockslide-avalanche
were unsuccessful,

This rockslide-avalanche apparently resulted from the separation of dike
rock from adjoining black slate. The dike approximately paralleled the

face of the cliff, The weathering rind suggests prolonged weakening of

the rock, but the trigger for the avalanche is unknown,

Infiltration in rockslide-avalanche deposits is generally good in the

areas of large fragments, but fair to poor in areas where many small pieces
or fine material partially fill large voids in the avalanche deposit. The
swamps and ponds on the Douglas Island deposit probably lie en very thin
avalanche debris and reflect the more impermeable nature of the deposits
underlying the rockslide-avalanche.~ Runoff on all deposits is fair to
very good, depending on particle size, infiltration rate, and slope
configuration.,

Severe ground vibration associated with a major earthquake could cause
rock falls from the cliffs above the four known avalanche deposits and
possibly also on steep slopes elsewhere in the fiord areas. A strong
shock can be expected to send either individual fragments or large masses
down the slopes. All steep unvegetated slopes especially should be con- -
sidered potentially hazardous.

Because the pieces and fragments within rockslide-avalanche deposits are
mostly loose and jumbled, the deposits generally are unstable. The
upslope parts of the deposits are probably less stable than the lower
parts. Excavation can result in embankments that will ravel, and it may
loosen large rock fragments. Excavation and other earth-moving activities
can alter the equilibrium in the deposits.

Undifferentiated landslides (Qsl)

Undifferentiated landslides in the Juneau area consist of large and small
deposits of heterogeneous mixtures of earth materials. Included are de-
posits of rock debris that moved downslope as part of massive snow ava-
lanches and that lie beyond the margins of talus deposits, or directly at
the base of steep talus-filled chutes, Most of the landslide deposits are
mixtures of bedrock fragments in a silty sand matrix of mostly soil and
other surficial deposits. Blocks of rock as large as 30 feet across occur
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individually or in clusters at the base of some mountain slopes, and
rocks 5-10 feet long are common in slide debris in the valleys of Gold,
McGinnis, and Nugget Creeks. The slide in Lemon Creek valley, and most.
of the slide deposits in south Juneau, -include.pieces of greenschist

6 inches to 4 feet in length in a matrix of sand-rich organic material.
The age of these slides is Holocene, and some are historically young.:

- Some landslide deposits occur in places along slopes bordering Gastznean
.Channel, but most seem to be along the northern slopes of Gold, Salmon,

Lemon, and Nugget Creek valleys. The large slide on McGinnis Mountaln,,
however, lies on the east side of McGinnis Creek. Small landslides
along Gastineau Channel have arcuate debris ridges that seem to merge

~ upslope into talus or are bounded by bedrock slopes. The elongate

slides along Lemon and Salmon Creeks are narrow and have flat to concave
surfaces that extend upslope behond the mapped area. The large slides
along Nugget and Gold Creeks are -fan-shaped and extend upslope to fill
narrow bedrock troughs or chutes,

Most landslides in the Juneau area apparently result from loss of shear

. strength by loosenlng of rock along joint fractures in response to stress
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